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Resistance of animals to metazoan parasites ia beon a 
froquont subject of investigation during the Last two decades. 
Some authors have used the term resistance loosely and at tines 
in an ambiguous manner. Others have attempted to define resist- 
ance by dividing tt into three typess natural, acquired and age- 
resistances It is gonerally accepted that natural resistance 
may be defined as resistance to original infections, Acquired 
resistance is resistance that 1s built up by the host as a 
result of becoming infected, Ago resistance is characterized 
by a gradual increase of resistance which develops during the 
growing period of a young aninals 

Chandler (19a) found that in studying resistance two 
different problems arise, the resistance of the host to further 
infection and its resistance to the effects of the parasites. 
Criteria for the measurement of the degree of resistance have 
beon the comparative rate of growth of parasites in hosts of 
different ages (Herrick, 1926); comparative mmbers of para- 
sites that are able to live in hosts, effects of parasites on 
younger and older hosts (Ackert and Herrick, 1923); resistance 
of a host to reinfection (Chandler, 1992); and resistance of a 
host to the development and egg laying ability of worms (stdll, 
1936) 

Nutrition and genetic constitution, other factors in 
resistance, were studied at Kansas State College by Dy. J. Be 


Ackert and his students. A study was made of the resistance 
of chickens to Ascaridia as affected by diets deficient in 
vitamins D and A (Zimerman, Vincent and Ackert, 19263 Ackerty 
Fisher and Zimerman, 19273 and Ackert, lelivaine and Crawford, 
1951) and they presented experimental evidence, apparently for 
the first time in this country, that natural resistance of un- 
mals to helminthic infection may be lowered by nutritional 
deficienciese Further studies on vitamin D and resistance were 
made by Ackort and Spindler (1929); on vitamin B and resistance, 
Ackort and Nolf, (1951). Additional research in dietary supplo« 
monte and resistance was done by Ackert (1927); Ackert and 
Beach (1933); Ackert and Whitlock (1935) 3 Ackert, Whitlock and 
Preoman (1940); and Ackert and Riedel (1946), In 1935 Ackort, 
Bisonbrandt, Wilmoth, Olading and Pratt found significant 
aifferences in the natural resistance of breeds of chickens to 
of chickens, White Plymouth Rocks and Barred Plymouth Rooks, 
had significantly fewer and smaller Ascaridia than did the 
lighter White Leghorn and White Minorca breeds, Tho litern- - 
ture on these and other phases of resistance have been reviewed 
by La Page (1938), Ackert (1942) and others. Only age resiste 
ane will be reviewed in this study. 


BRIEF REVIEW OF THE LITERATURE OW AGE RESISTANCE 


The first record of increased resistance of animals to 


parasitism, due to age, appears to be that of Looss who in 
1911 found that auen he fed hookworm larvae to young dogs, the 
larvac were able to reach maturitys however, when he attempted 
the same type of experiment on adult dogs, his results wore 
negatives Ransom and Poster (1920) demonstrated age resistance 
with Ascaris in pigee The following year the same investigators 
were able to show the same type of resistence in chickens with 
the nematode, W trachots 

In 1926 Herrick proved that chickens become more resistant 
to the development of the nematode parasite, Asceridia 
DEA as they increase in ago. Supplementary evidence 
of this same phenomenon was found by Ackert and Herrick (1928). 
In their experiments, terminated ut the end of three weeks, the 
percentage of tnfoctions in chickens ranged from 88.7 per cent 
to 100 per conte However, in experinents terminated at eight 
to 45 weeke the infections ranged from 33.4 por cont to 68.7 
per cent. By infecting young and adult dogs with larvae of 
Ancylostoma braziliense, Sarles (1929) demonstrated age resist- 
ance with the same host and parasites ferric (1928) and noc 
(1951) also demonstrated age resistance in dogs to Ancylostom 
mm- Age resistance against Mippostrongylus muris in 
laboratory rats was shown by Africa (1981). Chandler (1932) 
was not able to attain as convincing results as those of Africas, 
Ackert,; Porter m. Beach (1955) demonstrated a marked tnerease 


don imown as Ascartdia galli. 


in tho resistance of chickens to the growth of the intestinal 
nematode, Agcaridia Lincatas’ Using lengths of vorne as the 
oriteria for judging resistanaa, they found that tho maximus 
resistance in chickens is ordinarily reached at the end of 95 
days. Riedel (1948) has presented evidence that mice infected 
when about six weoks of age were much less resistant to 
fricninella spiralis than mice infected wien more than five 
months of age, During the same yoar Sadun presented evidence 
do show that chickens develop a strong resistance to infections 
with the nematode, Ascaridie palii, as a result of either a 
previous single infection or of repeated infectionss 
Secretions of the endocrine glends have been suggested as 
playing a role in resistence and a few investigators have 
studied these possible relationships. Ackert (1924) found that 
removal of the chicken thymus did not have any effect on the 
resistance of the chickens to the development of Ascaridigs 
Jaf fo (1926) demonstrated that suprarenaloctom sed rats show 
a lowered resistance to natural infections, Ackort and Otto 
(1927) found that chickens parasitized with intestinal round 
worm, Ascaridia Lineatas® had no significant offect on the size 
of the thyroid gland, The resistance of the ram to the 
nematode, n contortug, may be broken down during the 
breeding season according to Stoll (1956). Ackert and his 
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students have found that resistance of chickens to the growth 
of the nematode, Agcaridia gall, imoreases until the chickens 
ere about four months of ages As white leghorn chickens are 
approaching sexual maturity at this age, it seencd that the 
nale hormone might be a factor in the resistance. Therefore, 
it became of interest to ascertain if injections of male sex 
parasitisn.s. 


HATERIALS AND METHODS 


fhe animals used in these experiments were single combed 
white Leghorn and hybrid cockerels obtained as day old chicks 
from commercially approved hatcheries, Upon arrival the chicks 
were banded and placed in electrically controlled brooders. 
The chicks were fed on a well balanced standard diet. 

The chicks were divided into two groups according to 
weight so that for every chicken in Group I there was a chicken 
of about equal woight in Group II. In all the oxperiments the 
birds in Group I received the injections of male sex hormone 
while the birds in Group II were the control group. 

At this time the young cockerels were given their first 
injection of male sex hormones Tho chicks were injected with 
either a 0,1 cxbic centimeter or a O. eo dosage of milo sox 
hormone every other day except on Sundays for a period of about 
three weeks, Ton injections in all were given the chicks, ‘The 


hormone was administered intramusculerly in the form of the 
ester, testosterone propionate, suspended in vegetable 011. 
The administered male hormone had the concentration of 25 
milligrans of erystalline testosterone propionate per cc of 
vegetable ofl. Site of the intramscuLar injection was the 
Pectoralis majoris muscles 

Following the initial injection all the cockerols were 
parasitized with approximate mmbers of embryonated, viable 
Agceridia galii oggse The Agcaridia oggs were obtained from 
the bodies of living wormsy Following removal of the two uteri 
from the worms the oggs were foreed out of the uteri into a 
Petri dish by applying a slight pressure to the wall of the 
uterus with a spatula, Uterine fraguents were removed and the 
ogg mass was covered with distilled water to a depth of four 
millineterses Prevention of mold growth was accomplished by 
adding a few drops of two per cont formalin to the egg culture 
according to Ackert et al, (1935). Tho eggs wore incubated at 
20 degrees Centigrade and examined periodically, When the eggs 
had reached the colled embryo stage in their course of develope 
ment, and molted once in the shell they were then infective and 
realy to be used to parasitize the young chicks. 

All the chicks were parasitized by the drop method of 
Riedel (1947), This method involves the use of a 50 c flat 
stoppered dropping dostie containing about one-half inch of 
previously washed sand to which was added the viable Ascaridia 
oggs. Vater was then added to bring the solution well above 


the sand. After shaicing the bottle vigorously to separate 

the masses of eggs 90 as to form a uniform suspension, the 
process of standardizing the suspension was undertaken. The 
drops were standardized by placing a drop of the suspension on 
a slide and counting the number of eggs per drop. After having 
counted several drops, the average muiber of eggs per drop was 
determined, If the concentration of the suspension was too 
great, nore water was added. The drops were then restandardized 
and when the correct concentration was attained, the cockerels 
were parasitized by opening the chick's mouth and allowing the 
proper number of drops to make a total of 200+10 eggs to fall 
well back into ite mouths Precaution had to be taken to see 
parasitized so es to maintain a uniform suspension, Ackort 

et ale (1952) found no marked differences in sizes of infections 
resulting from feeding doses of 100-300 Aseayidia eg. For 
this reason the chickens in these experiments were given dose 
ages woll within the above limits. 

By separating some of the cervical vertebrae of the node, 
the chickens wore killed, The digestive tract from the gizzard 
to the yolk sac diverticulum was removed imediately and the 
contents, including the worms, wore flushed into glass jars 
by the hydraulic method of Ackert and Nolf (1929). To prevent 
bacterial action on the worms, a small volume of formalin was 
added. 

‘The lengths of the worms of each chicken were obtained by 


naling @ pene] tracing of the projected images. The worms? 
images were magnified six times by use of a lons in a photos 
graphic bellows, The shadows of the worns were traced with a 
penes on thin paper and measured with a milled wheel so 
calibrated as to reduce the length by six times into millix - 
neterss Comparative numbers and lengths of the worms in each 
group were used in judging the degree of resistance of the fowle 


Experiment 1 


The chicks used in this experiment wore white leghorn 
eockerclss When 39 days of age the cockerels were weighed and 
seperated into two groups of approximately the same weightss 
Four days later the chickens were parasitized with 100+10 
enbryonated Ascaridie A esa. On this same day the birds 
in Group I received the first injection of male sex hormones 
After the initial injection, the chickens vere given three a 
wook, totaling 10 in alle Lach injection consisted of O. os 
of a 25 mg per ec concentration of testosterone propionate. 

The male sex hormone began to show its effects on the 
fowls in Group I about the third day after the initial injections 
At the end of the first woek of injections the combs of the 
injocted group (Group I) were noticeably larger and of deeper 
red color than were these of the uninjected group (Group TT). 
The size and intensity of the red colored combs increased 
constantly during the entire period of experimentations n 


about the tenth day following the initial injection several 
of the cockerels in Group I (injected group) attempted to crow, 
A woek later all of the cockerels in the injected croup were 
crowing in high falsetto voicess During the last week of the 
experinont it was found thet the skin and muscles of the young 
cockerels were resistant to the puncture of a hypodernie neodle. 
nerzeh (1945) found that eapons and female fowls civen bosto- 
sterone propionate developed drin and muscle tissue that had 
significantly greater tensile strength than normal untreated 
fowls, The behavior of the cockerels in Group I (injected 
group) was pugnacious at times during the experiment. 

At the close of three weeks of parasitism the chickens of 
this experiment were xilied and their intestines wore flushed 
for worms, Group I made a gain in weight of 295 gm as compared 
to the gain of 321 am for Group Iie (Table 1, Pige 1). 

Although the chickens grew normally in this experiment 
the degrees of infection do not appear to be normal, lore 
than half of the chickens had no worms at all and those that 
were infected had only one, two or three worms with the excepe 
tion of one fowl in Group I which had 12 Agcaridias, Group I 
had an average of 1,5 worms per bird while Group II had an 
average of 0.45 worms por birds The heaviest infection occurred 
in a chicken in Group I that was well over the final average 
group weighte 

The average length of worms in Group I was 20.67 ma with a 
range Of 4.2 ma to 2565 m. In Group II the average length of 
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worms Was 17.1 mn, the range being 15.0 mm to 21.1 n. 

in summeriging the results of this experiment it should be 
noted that the birds in the injected group made an average of 
20 ga less gain in weight than the control groups The injected 
"group also had a larger mmber of worms which wore slightly 
Tonger (Table 1). 


Experiment 2 


The single comb, hybrid cockerels used in this experinent 
wooks Olds Zach group consisted of 20 birds» When 16 days of 
age the chicks were parasitized with 200410 embryonated Agcaridia 
Gelli eggs. The next day the injections of the testosterone 
propionate were begune The amount of hormone Injected cach tine 
wae 0. co of 25 mg per ce concentrations, The injections wore 
made intramsculerly three tims cad week for a period of about 
three woeks, In all, 10 injections were given to each chicken 
in the three-week periods The cockerels in Group I were the 
only birds that received injections of the hormones, All the 
chicks were kept in compartments of one large cage and the chicks 
in the control group were caught and handled every tine that the 
- ‘birds of the injected group were handled, At the ond of three 
weeks of parasitism the chickens were killed and the worms of 
each chicken were counted and measured. 

In this experiment the control group's gain in weight was 


more than twice the gain of the | n joc group, the former 
malting a gain of 63 gm with the latter making a gain of 26 gn 
(Table 2, 71g. 2). 

Group I had a totel of 345 worms as compared to 97 worms 
in the control group. The infections renged from one to 69 
worms in Group I, while the infeetiens in Group II were fron 
one to 40 worms. The average number of worms per group was 17.3 
and 4.9 for Groups I and Il, respectively, Lach croup had three 
chickens without ALA - 

The average length of worms for Group I was 1748 mm with 
a range of 20.6 mn to Sle5 mae In Group II the average worm 
length was 17.1 ma with a range of 3. mi to 22.6 . 

In regard to the muber of worms, Group I with an average 
of 17.5 worms por bird was much less resistant than Group II 
with an avorage of 4.9 worms per birds With respect to worm 
lengths Group I with an average length of 17.8 am also appeared 
to do less resistant then Group II which had an average worm 
length of 15, m. 


Experiment 3 


Single comb, white leghorn cockerels were used in this 
experiment, When 18 days of age the chicks were separated into 
two groups of 22 birds each and banded and weigheds on the 
sem day £he birds in Group I were given an initial injection 
of Os co of a 25 mg per cc concentration of testosterone 
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Table 2, Comparison of chicken 
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propionate. Three days later the seme group was given another 
injection of O0. 1 c of a 25 mg per cc concentration of male 


dex hormone, Every subsequent injection was of the same concen- 


tration as the latter dosage, The injections wore given at the 
same time interval as in the previous experiments, At the time 
of this second injection all tho cockerels wore parasitized with 


In this experiment Group I made a gain in weight of 252 gn | 


as compared to the gain of 505 gu in Group IX (Table 3). As 
dan be seen by Pigs 3, the control group made its largest weekly 

The muber of worms in Group I was eight and a half tines 
the number in Group II while the average number of worms per 
bird was 6.4 and 0.82, respectively, The heaviest infection 
of 39 worms in Group I was in a chicken 154 gm below the average 
group woight; the bird with the lightest infection of one worm 
was 11 gn above the average group weight, In Group II the 
heaviest infection of three worms was in two birds, one well 
above and one slightly below the average group weight. 

To summarize the results of this experiment it can be said 
thet Group I was less resistant to the motazean infection than 
_ Group TI, judging from the numbers of worms in each respective 
Soup. 
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The single comb, white leghorn cockerels used in this 
experiment were received as dey old birds and banded upon the 
day of arrival, Ten days later the chickens were weighed and 
separated into two groups according to weight. Bach group 


consisted of 25 birds, At this same time the injection of male 


sex hormone was started. The cockerels in Group I were inject}- 
ed with male sex hormone every other day except Sunday at the 
rate of 0,1 ce (25 mg) per injection, In an attempt to cline 
nate any error in the weights of the young eockerele, the 
control group was also injected with corresponding amounts of 
pure vegetable ofl. It was thougit that increased handling 
of the chicks in the injected group, might affect their growth 
and resistance, After 14 days the chickens were parasitized 
with 200110 embryonated Agcaridia galii eggs} and on the Alt 
day efter parasition they were killed, and the worms of each 
chicken were counted and measured, 

The initial average weekly gains in weight of the two 
groups were approximately the same (Table 4, Fige 4). lowover, 
at the end of a two-week period the average weekly gain in 
weight of Group II began to gather momentum and at the end of 
the fifth week, it had completely cclipsed the average weekly 
woight gain of Group I» Failure of the chickens in Group I to 
mateh the weekly gains in weight of the control group was 
indicative of a higher degree of infection caused by a decrease 
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Comparison of chicken weights, and muber and lengths of worms in 


the chickens of Groups I and II in Experiment 4. 
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Average 382,8 291,28 12.2 26.2 
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in their resistance, Ackert and Herrick (1923) demonstrated 
that the loss of weight in young chickens can bo correlated 
with the degree of parasitigms 

Concerning the musbers of worms, Group I had 319 worms 


taken from 24 of the 26 chickens: Group II had 228 worms taken 


from 14 of the 25 chickens, The infections ranged from one to 
47 worms por bird in Croup I, as compared to the range of one 
to 66 worms per bird in Group Il. The average number of worms 
peor bird for Group I was 12.2 worms and Group II, 9.1 worms, 

The heaviest infection of 47 worms in Group I was in a 
chicken 25 gm below the average group weight while the smallest 
infection of one worm was in a bird that weighed Sl gn more 
than the average group weights Three other birds in Group I 
with small infections of two or three worms, weighed at least 
35 gm more than the average croup weights In Group II the 
neaviest infections of 66 worms and 34 worms, respectively, 
were in two chickens, one slightly above and one well below the 
final average group weight, Only one chicken of Group II had 
but one worm and its weight was 50 gm above the average weight 
for the groups 

The average length of worms for Group I was 2642 um with 
a range of 10.5 um to 2369 , In Group II the average worm 
length was 12.8 ma with a range of 13.5 mm to 2565 us 

Using numbers and lengths of worms as criteria for dotere 
mining the degree of resistance of the chickens, it appears 
that Group I with an average of 12.2 worms per chicken was less 


resistant than was Group II with an average of 9.1 worms per 
chickens The data from Lengths of worms indicate that the 
average worn length was twice as mich in Group I, the injected 
groups as in Group II, the control groups therefore, the 
eniekens in Group I were markedly more susceptible to the worms 
then the chickens in Group Ile 


Experiment 5 


In this experiment the chicks were banded and grouped 
according to weight when 10 days old with 20 birds in oach 
groupe At this time the birds in Group I were given the first 
injection of male sex hormones, The group was given 0.1 co of 
a 25 mg concentration of testosterone propionate every other 
day except Sunday for a period of three weeks, The birds 
received a total of 10 injections. on the second day follows 
ing the initial injection, the cockerels in Group I and II were 
parasitized with 200110 viable Ascaridia calli eges. Twentye 
@Gight day later, the chicks in both groups were killed and the 
worns removed. 

Group II made a larger gain in woight than Group I$ Group 
II gained 279 gm while Group I gained 243 gm (Table 5, Pigs 8). 

Groups I and Ii each had two fowls without Ascaridia, The 
range of infections from tho lowest to the highest of Group I. 
wes three to 52 worms per birds Group II ranged from one to 84 
worms per birds In contrast to the average of 1968 worms por 
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bird in the injected group, the control group had an average 
of 82.8 worms per birds | 

The heaviest infection of 52 worms in Group I was in a 
bird below the average group weights The lowest infection was 
in a chicken slightly below the average group weight. In Group 
II a bird whose weight was 150 gm below the average group weight 
had the heaviest infection of 84 worms, The smallest infection 
of one warm was in a bird whose weight was 19 ga below the 
average group welt. 

„ ͥ » ͤ̃oͤ VW 
taken from a chicken whose weight was well above tho average 
group weights The longest worms averaging 48.2 m wore taken 
from a chicken whose weight was well above the average group 
woighte In Group II tho shortest average worm length of 30,8 
ma was teken from a bird far abovo the average croup woights 
The longest worms, averaging 4599 ma, for the group were taken 
from two chickens, one of average group weight and the other 
well below, The average worm length for Group I was 40.6 may, 
as compared to 40.7 ma in Group II. 

Using the lengths of worms as a measure of resistance, 
Table 5 indicates that tho chickens in the injected group and 
the control group are equally susceptible to the nemathelnuinth, 
Basing resistance on the numbers of worms per group, Group I 
was markedly more resistant than Group II. This is the first 
instance in the series of five experiments in mich the controls 
(Group II) had more worms than did the injected chickens (Group 


Te 


Table 6. Summary of average worm numbers and average worm 
— Llengthse 


In reviewing the combined results of the five experiments 
Group I (injected group) had an average of 11.65 worms per 
- ehieken while Group II (control group) had an average of 946 
worms per fowl, For Groups I and Ii the average lengths of 
worms were 2645 mm and 21,5 um, respectively. 

— in four of tim five experinents were longer 
in Group I than in Group II, except in Experiment 5 (Table 6), 
where the average vorm lengths were essentially equals In the 
combined results the worms in Group I averaged 4.5 mn longer 
then those of Group II. Tho results given in Table 6 show that 
there is a definite trend toward lowered resistance in Group I 
(injected group). 

In respect to worm numbers, the results of four of tho 


five experiments show that the chickens in Group I were more 
susceptible to the nematode infections. In Experiment 5 howe 
ever, the control fowls had more worms. This probably was due 
to the Group II chickens receiving more viable eggs (administered 
by the drop method) than did the Group I chickens, Comparison 
of growth of woras a ee 
II was more susceptible (Table 6). 

| „„ 
judging resistance, the combined data indicate that young male 
chickens injected intramsecularly with testosterone propionate 
are less rosistent to the fowl nematode, Asceridia galli, than 
are male chickens which have not received the male hormone 
injectionse 


DISCUSSION 


At the termination of each individual experiment, the 
greatest visible difference between the two groups of cockerels 
was in the size of combs and wattlos, The comb measurements of 
a fowl in Group I (injected) measured 77 un in length and 47 mm 
in height as compared to 49 ma and 22 ma of a fowl’s comb in 
Group II. Goth birds were selected as being representative of 
their respective groupse In Experiment 5 the combs and wattles 
wore removed from ali the fowls in Group I and Group II and 
weigheds The combined weight of the combs and wattles taken 
from Group I (injected) was 90 gm while those of Group II 


(control) weighed 42 gu. 

e 1 bases „„ thin’ be netens th gate 
mn weight of Group II (control), At first it was assumed that 
this might be due partially to the fact that the chickens in 
group I (injected group), were handled more frequently. lowever, 
this assumption proved to bo unmarranted because in experinents 
in which beth groups of chickena were handled the same amount, 
and in other experiments where the chickens in Group I were 
Subject to more frequent handling, the gaine in weight were 
essentially the seme, lxplanation of this difference in weight 
gains may be conceivebly attributed to the triewoekly injections 
of the foreign body substance, testosterone propionate, which 
may have interfered with the normal physiological functions — 
including the deposition of the growth inhibiting factor in the 
goblet cell mucin (Ackert, Zager and Prick, 19393 Prick and 
Ackert, 1948). 

Ho correlation can be made between the weights of ehickons 
and worm numbers or weight of chickens and worm lengths, 
Combined results show that the worms of Group I are more mer 
ous and longer than those of Group TT. The worms of Group T 
were probably longer than those of Group II because the uber 
of infections were higher, Ackert and Herrick (1923) found 
thet chickens with a larger number of infections may have a 
reduced resistance due to the amount of toxins secreted as 
waste by the worms. The chicions in Group II probably developed 
@ higher resistance then the chickens in Group I because their 
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growth was not retarded as indicated by their more rapid increase 
in weights Accompanying growth in inneture chickens there is 
“Anereased production in mumbor of goblet cells which secrete 


mme in containing an inhibitory worm growth factor (Ackert, Edgar 


and Frick, 1930; Ackert, a ek ST ick and 
Ackort, 1948). 


le A series of five experiments was performed on 107 
cockerols to ascertain if male sex hormone is @ possible factor 
in the resistance of chickens to the nematode Asceridia gallte 

2, The cockerels of each experiment were divided inte 
two equal groups by weights The chickens in Group I wore civen 
trieweokly injections of testosterone propionate for a period 
of three wookss er. | 

Se Weekly records of the chicks!’ weights were made after 
the chickens were segregated into groups. 

4. Chickens in both groups were parasitized with 200110 
enbryonated Ascaridie galii egese Three weeks later tho | 
chickens were killed and the intestine removed for flushing of 
the worms. 

Se Group II in each experiment made the largest gain in 
weighte 

Ge Criteria for judging the degree of resistance of coach 
group of chickens were the worm mubers and worm Lengths. 


7. Group I had an average of 12.5 worms per chicken as 
compared to 9.6 worms por chicken in Group TI. 
: 8. ‘The average worm Length far Group I wes 2605 um ani 
for Group II A. 5 1. ian 5 

9. Using worm numbers and worm lengths as the erkteria 
for judging resistance, it was found that young mele chief! 
resistance to the fowl nematode Ascaridia galli was reduced as 
a result of the intramuscular injections of testosterone : 
propionate. 


Thanks are extended to Dre Je Be Ackert, gor instructor, 
‘for his suggestions in the supervision of this study, to bre. 
E. He Herrick, Professor of Zoology, for his guidance on pro- 
paring the correct dosage of hormone, and to tir, Leonard We 
Dewhirst, a graduate student colleague, for assistances 
Acknowledgnont is made to Dre Je By Ackert and Dr. B. ly Herrick 
also for collecting the data for the first three e xperimentss 
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